In this paper, we have identified and analyzed the emergence, structure and dynamics of the paradigmatic research fronts that established the fundamentals of the biomedical knowledge on HIV/AIDS. A search of papers with the identifiers "HIV/AIDS", "Human Immunodeficiency Virus" and "Acquired Immunodeficiency Syndrome" in the Web of Science (Thomson Reuters), was carried out. A citation network of those papers was constructed. Then, a sub-network of the papers with the highest number of inter-citations (with a minimal in-degree of 30) was selected to perform a combination of network clustering and text mining to identify the paradigmatic research fronts and analyze their dynamics. Seven research fronts were identified in this sub-network. Each one of the fronts are related to one of the following topics: "preliminary pathology research", "virus entry", "virus tropism", "drug resistance", "genetic expression", "assembly", and "virus replication". The emergence of these fronts occurred in successive "waves" over the time which suggest a transition in the paradigmatic focus. The emergence of the biomedical fronts in HIV/AIDS research is explained not just by the partition of the problem in elements and interactions leading to increasingly specialized communities, but also by changes in the technological context of this health problem. However, while such a historical perspective is informative, they present two disadvantages: the first is that the selection of the most relevant discoveries is arbitrary, i.e., not supported by scientometric evidence, while the second disadvantage is that the paradigms are not presented as the key elements of the organizing process of the research communities.
Introduction
The Human Immunodeficiency Virus/ Acquired Immunodeficiency Syndrome (HIV/AIDS) is a global health problem: more than 70 million people have been infected with HIV, 35 million have died and 36.7 million people currently live with the disease. [1] HIV/AIDS is one of the most studied infection diseases with more than 260,000 papers (mentioning the topic) listed in GOPubMed [2] and more than 42,000 papers (mentioning HIV/AIDS in the title) in the Web of Science [3] spanning over thirty year of scientific research. HIV/AIDS is studied by a plurality of biomedical disciplines like epidemiology, [4] virology, [5] immunology [6] or drug development [7] and non-biomedical disciplines like social sciences [8] and humanities. [9] All the biomedical disciplines working on HIV/AIDS strongly rely on a solid scientific consensus which explains the clinical manifestation of HIV/AIDS in terms of the virus interactions with the immune system cells; the behavior and demography of the immune system cells, and, importantly, the virus interaction with the biomolecular machinery of the host cells. [10] [11] [12] Two features are believed to be at the core of the scientific consensus on HIV/AIDS: the natural history of the HIV infection (the number of CD4+ cells and HIV RNA copies plotted over the time) [11] and the virus replication cycle (from the virus entry to the virus assembly, budding and maturation). [10, 12] Paradigms are the keystone of research communities. [13, 14] They provide a foundation for members of the community; they define the questions, the standards, the rules and the expected results that drive research efforts. [13, 14] Paradigms of HIV/AIDS research are often presented in a timeline format. [12, 15] However, while such a historical perspective is informative, they present two disadvantages: the first is that the selection of the most relevant discoveries is arbitrary, i.e., not supported by scientometric evidence, while the second disadvantage is that the paradigms are not presented as the key elements of the organizing process of the research communities.
The study of the emerging research fronts offers the possibility of analyzing the relationship between the paradigms and the organizational process of the scientific communities. [14, 16, 17] Research fronts can be considered as modules or clusters in a citation network of papers, i.e., sparse sub-networks of papers that exhibit dense connections. [18] Importantly, research fronts are the footprint of the scientific communities. That is, citation patterns of scientists exhibit homophily, [14, 19] which is caused by the scientists trend to cite those papers that focus in similar topics with a similar approach -and very often they cite those papers that strengthen the papers argumentation. [14, 19, 20] Citations trend to point toward those discoveries that the research (sub)communities consider the most relevant ones. i.e., the paradigms.[13, 14,
21-23]
Therefore, paradigms occupy the most central location in the citation networks; they are the seeds that organize the emergence of the research fronts. [14, 17] To explain the emergence of the biomedical consensus on HIV/AIDS requires a study of the structure and dynamics of the research fronts.
Previous studies using the research fronts analysis approach were mainly focused in topics from engineering, [24, 25] biotechnologies [18] and scientometrics. [26] There are some studies that focused in the structure of the biomedical knowledge on specific diseases.[14, 16, 17, 27, 28] Our previous research has been particularly focused in the core region of the literature networks. [14, 17, 27 ] By doing this we have discovered the key feature of the organization of the knowledge on cervical cancer [27] and Ebola fever. [17] Others have reported the evolution of research fronts in anthrax research, [16] cancer research [28] and cardiovascular medicine. [28] By analyzing the structure and evolution of HIV/AIDS knowledge we further our understanding of the nature of the biomedical knowledge discovery.
Objective
Through a combination of text mining and network analysis, we sought to understand the emergence and evolution of the research fronts (the footprints of the research communities) that produced the paradigmatic explanation of this disease. 
2.
A network model was built with the papers found in the Web of Science by using the software HistCite. [29] Then, the network model was analyzed and visualized with Cytoscape. [30] The indegree distribution of the network was evaluated to determine if it fitted to a power law function (y=ax^b).
3.
A core sub-network of papers with an indegree ≥ 30 was then closely examined. Normally, the indegree distribution in citation networks follows a power law function such that only a few papers are very well cited while most papers are not. [31] This applies to the case of HIV/AIDS research as we report. We selected the papers with an indegree ≥ 30 because they are a small and workable quantity of papers that account for nearly half of the communication process through the citations network as it is reported in the results section (The selected papers received 120,726 of 247,254 citations from the HIV/AIDS literature).
Top cited papers appear related to the paradigmatic milestones of a particular research topic.
4.
A cluster analysis based in the Newman modularity [32] was performed on the core subnetwork using Clust&see, a Cystoscape plug-in. [33] This analysis divided the sub-network of citation in several research fronts (clusters or modules of papers). This clusters are defined by Newman as "groups of vertices within which connections are dense but between which they are sparse". [32] 5. The sub-network was displayed by using the "spring embedded" algorithm. [30] This algorithm considers the nodes as charged particles that exhibit repulsive forces and the vertices as springs. In this layout, the papers that cite the same papers tend to stick together making easier the visualization of the research fronts.
6. The number of citations received by the papers of each research front was plotted over the years in order to track the dynamics of the research fronts. Additionally, the sub-network was sliced in overlapped periods of four years (1983-1986, 1984-1987, …, 1992-1995) , which allows to observe the emergence of the research fronts. The structural network analysis performed by Cytoscape showed that the distribution of the indegree in this network fitted a power law function (y=ax^b, a=27373, b=1.85, correlation=0.885, R-squared=0.917). This means that a very small number of papers receive the overwhelming majority of citations while most papers receive few if any citations. [31, 35] We also find that the clustering coefficient exponentially declines with the number of neighbors (The relation between these two variables fitted a power law function: y=ax^b, a=0.594, b=-0.62, correlation=0.776, Rsquared=0.682). This suggests that the network of HIV/AIDS papers exhibits a hierarchical architecture. [36] We selected papers with an indegree ≥ 30 greater than (1,791). Together, this papers receive almost the half of the inter-citations that form the whole network (120,726 of 247,254), and would represent a relevant part of the historical core of the HIV/AIDS research as it was explained in the methodology section. These 1,791 highly cited papers formed a network of 17,734 inter-citations ( Figure 1) . The cluster network analysis identified thirteen clusters (or modules as defined by Newman). However, six cluster were too small to be considered relevant research fronts. The seven biggest clusters were formed by 3,208, 1,940, 1,648, 1,645, 1,429, 1402 and 974 intercitations. Whereas, the six smaller were formed by 254, 221, 190, 176, 27 and 9 inter-citations.
The seven analyzed research fronts are clearly distinguishable when the network model is visually organized according to the "spring embedded" layout algorithm (Figure 1 ; layout algorithm is described in the methodology section).
The organization and dynamics of the research fronts
The main interaction among the seven research fronts are shown in Table 1 and the detailed description of the fronts in the next section). Front 2 and 5 emerged immediately following the appearing of front 1, whereas the peaks of front 6 and 7 occurred six years later (Figures 3 and 4) . The dynamic, organization and content of these research fronts (2, 5, 6 and 7) show that their emergence could be explained by the successive division of the HIV/AIDS problem in processes, elements and interactions. That is, once the clinical manifestations of the disease are explained at the cellular level (how the virus infection affect the cellular behavior and demography), the next pieces of the puzzle are the virus reverse transcription and the key stages of the replication cycle of the virus. Moreover, research front 4 also contributes to the understanding of the replication cycle, by researching the virus integration process. However, the research of front 4 is mostly focused in the emergent phenomenon of the drug resistance of the virus.
While research fronts 3 and 4 involve elements of the molecular virology of HIV, they are related to changes in the context of HIV/AIDS (see Table 1 and the description of the fronts in the next section). The research in front 3 was made possible by the availability of samples from asymptomatic individuals infected with HIV which in turn was made possible by the development of screening tools. Whereas research front 4 aimed to study the drug resistance of the virus, particularly to the resistance to inhibitors of the reverse transcriptase. Interestingly, the evolution of fronts 3 and 4 appear similar to one another ( Figure 4) .
Content of the research fronts
Research front 1 is formed by 400 papers and 1,645 inter-citations (4.1 inter-citations per paper).
KH Coder analysis showed that the ten most distinctive words of front 1 are "infection", "patient", "AIDS", "HIV", "brain", "syndrome", "immune", "cell", "acquire" and "disease" ( Table 1 ). The paper of front 1 with the highest indegree is "Isolation of a T-lymphotropic retrovirus from a patient at risk for acquired immune deficiency syndrome (AIDS)" [37] with 66 citation received from papers of front 1;. The content analysis suggests that this front corresponds to the pathology research on the HIV/AIDS. The research front 1 represents the first effort to understand the syndrome as the consequence of the HIV infection. This research front provides the phenomenological description of HIV/AIDS, which is subsequently analyzed in terms of the biomolecules and its interactions.
Research Front 2 is formed by 275 papers and 3,208 inter-citations. This front has the highest density with 11.6 inter-citations per paper. According to the KH Coder analysis, the ten most distinctive words of front 2 are "gp120", "glycoprotein", "antibody", "neutralize", "binding", "epitope", "envelope, monoclonal", "neutralization" and "isolate" ( Table 1 ). The paper with the highest number of citations is: "Functional regions of the envelope glycoprotein of human immunodeficiency virus type 1" [38] with 78 citations from the papers in the front 2.The content analysis of the research front 2 suggests that this community is aimed to the study of the interaction between the viral glycoprotein gp120 and CD4 receptor of T helper cells. This molecular interaction is the first event in the replication cycle and it is considered fundamental to virus entry.
Research front 3 is formed by 240 papers and 1,940 inter-citations which gives a density of 8 inter-citations per paper. The content analysis showed that the ten most distinctive world are "tropism", "asyntomatic", "variant", "v3", "macrophage", "individual", "capacity", "obtain", patient"
and "blood" ( Table 1 ). The paper with the highest indegree in the research front 3 is "Differential syncytium-inducing capacity of human immunodeficiency virus isolates: frequent detection of syncytium-inducing isolates in patients with acquired immunodeficiency syndrome (AIDS) and AIDS-related complex" [39] with 52 citations from cluster 3 papers. The content of these papers suggest that front 3 is related to the study of HIV tropism, i.e., the differential capacity of the HIV strains to infect and replicates in different cell types like macrophages and T-cells. Interestingly, the content of the papers suggests that front 3 research was made possible by the development of HIV screening methods.
Research Front 4 is formed by 217 papers and 1429 inter-citation (6.6 inter-citations per paper).
The ten distinctive words of this front are "resistance", "inhibitor", "transcriptase", "resistant", "drug", "reverse", "rt", "mutation", "zidovudine", and "clinical" ( Table 1 ). The paper with the highest number of citation received from the papers belonging to the research front 3 is: "Viral resistance to human immunodeficiency virus type 1-specific pyridinone reverse transcriptase inhibitors" [40] with 47 citations. The content analysis ( Figure 5 and table 1 ) suggest that the research front 4 is mainly focused to the study of drug resistance mechanism, particularly, resistance to reverse transcriptase inhibitors.
The research front 5 consists of 177 nodes and 1402 inter-citations (7.9 inter-citations per paper).
Its ten most distinctive words are: "mrna", "expression", "tat", "regulation", "rna", "ltr", "element", "level", "gene" and "trans-activation." The paper with the highest number of citation received from the research front 5 is: "Regulation of mRNA accumulation by a human immunodeficiency virus trans-activator protein" [41] with 62 citation. The content analysis (table 1) suggest that papers of front 5 are focused on the study of the mechanism regulating the genetic expression of the virus.
Research front 6 consists of 161 papers and 1,648 inter-citations (10.2 inter-citations per paper).
KH Coder analysis showed that the ten most distinctive words of front 6 are "assembly", "gag", "particle", "domain", "mutant", "assemble", "matrix", "deletion", "precursor" and "protein" ( Table 1 ).
The paper of front 6 with the highest indegree is: "Role of capsid precursor processing and myristoylation in morphogenesis and infectivity of human immunodeficiency virus type 1" [42] with 62 citations. Research front 6 is related to the study of the HIV-1 assembly, particularly the processing of Group-specific antigen (gag) polyprotein, which is the precursor of several virus structural proteins.
Research Front 7 consists of 120 papers and 974 inter-citations (8.1 inter-citations per paper). KH
Coder analysis showed that the ten most distinctive words of front 7 are "vpr", "nef", "replication", "vivo", "viral", "gene", "positive", "gag", "mutational" and the symbol "+" ( Table 1 
Discussion
According to the Cytoscape analysis, the network of HIV/AIDS papers displays a hierarchical architecture, which has important methodological implications. The first implication is that a research front (a citation network module) could be formed by other research fronts, which in turn can be partioned into sub-modules. [44] The second implication is that the nodes (papers) with the highest indegree tend to be more "cosmopolitan" i.e., they have the lowest clustering coefficient values. [44] That is, they could belong simultaneously to several fronts or any of them. Therefore, there are not a clearly defined frontiers dividing the research fronts. However, the standard in the scientometrics study of research fronts seems to be to use clustering methods that define frontiers between the modules [14, 17, 18, 24, 25, 27, 28], probably because this is make much more understandable the community structure in a literature network. Moreover, our analysis reveals the front that is most relevant to each paper. Finally, the most important implication is that in a hierarchical literature network the most the papers with the highest indegree are related with the paradigms that organize a research field or topic. Once the HIV was recognized as the etiological factor HIV/AIDS research entered in normal science mode that is characterized by a high productivity and for a specialization of the researchers. By specialization we refer to "concentrate exclusively upon the subtlest and most esoteric aspects of the natural phenomena that concern his group." [12] Once the paradigms are established, researchers focus on the details, the smaller range problems and solutions that the current paradigm provide. [13] Our results suggest that the emergence of several of the specialized research fronts was caused by the partition of the general problem in interacting elements. That is, HIV/AIDS research could be understood to some extent as a particular instance of part-whole science in which paradigms determine the abstraction of the parts that are considered the most relevant to explain the whole phenomenon. [47, 48] The general structure and evolution of the research fronts in HIV/AIDS research shares similarities to that of anthrax and Ebola. The evolution of anthrax investigation began with a preliminary on the immunology of the disease. [16] From this, four research fronts emerged: "anthrax gene sequencing", "vaccine research", secondary research on PA (protective antigen) and LF ( lethal factor), and "making and purifiying toxin." [16] Subsequently, the research front on PA and LF split in three fronts: "specific PA research", PA mediated delivery of other substances" and specific "LF research." [16] Similarly, the evolution of the fronts in Ebola research are marked by a front related to the report of the epidemiology and the clinical manifestation of the disease. [17] A second front provide an explanation of the disease at tissue-cellular level. [17] Then, research on Ebola split into four research fronts, each one specialized in one different virus protein. [17] There is also a front aimed to the development of vaccines and other immunotherapies. [17] Similarly, the emergence of the fronts in HIV/AIDS research started with a general research front that provided the pathology of the disease and subsequently split into specialized fronts focused on the study of specific molecular mechanism of the virus replication cycle. In all three cases, the specialization of the research led to the emergence of research fronts focused in the study of the parts that are thought to be key in explaining the diseases. A report on the emergence of the research fronts in cancer and cardiovascular diseases showed that the specialization process in these types of diseases is complex. [28] Jones et al reported fronts specialized on microarrays, targeted therapies, clinical trials, epidemiology and molecular etiology in cancer research, [28] while in cardiovascular diseases the fronts are organized around drug-eluting stents, anti-platelet agents, pacemakers, hypertension and atrial fibrillation. [28] The difference between these two groups of diseases is that HIV/AIDS, anthrax and Ebola are infectious diseases with a clearly identified etiological agent while cancer and cardiovascular diseases are both complex multifactorial diseases. [49] Two fronts in HIV/AIDS research cannot be explained by a specialization of the research Instead, they seem to be caused by a technological advance. The extensive use of antiretroviral drugs led to the emergence of drug-resistant strains of HIV through a process of micro-evolution. [50] The HIV drug-resistance, in turn, provoked a collective response: the emergence of a specialized research front. Additionally, the availability of screening tools allowed the identification of asymptomatic individuals infected with HIV, [10] led to the emergence of a research front specialized in HIV tropism. This is the first time that the complex organization (and the evolution) of HIV/AIDS research is reported. Our research provides fundamental knowledge concerning the emergence of the paradigmatic explanation for HIV/AIDS and therefore makes a contribution to the understanding of the nature of biomedical knowledge. In addition, our work suggests that the development of the paradigmatic knowledge on HIV/AIDS in terms of identified research fronts followed two different routes. First, the emergence of five of the fronts was caused by the division of the general problem in their key process, element and interactions, which is related to the concept of part-whole science. Second, the emergence two of the fronts appear to represent an adaptive and collective response from the scientific community to changes in the technological context of the disease.
